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Abstract 

A new application of the immersion calorimetric method has been developed to study the specific wetting heat of colloidal lime 
particles dispersed in liquid paraffin. This method, combined with SEM, ED AX and Hg porosimeter measurements, allows to 
evaluate the effects of the limestone impurities on the shape of the limes particles aggregates. These morphologies are 
dependent upon the limestone thermal decomposition conditions and upon the impurities of the limestone rocks. The 
impurities that influence the shape of individual and agglomerated limes particle, according to this study, are SiCb and AI2O3, in 
percentages at least of 0.24 wt% and 0.12 wt% respectively. At the temperature of 1300°C these oxides, combined with CaO, 
they can form a viscous liquid-like phase that changes dramatically the shape of the lime particles. Rhombohedra or irregular 
grains of about 0.4-3 pm, change their shape into flat and large crystallites of 10x10x1 pm. For the platelet microstructure, the 
specific exothermic heat E, [J/m 2 ] is equal to -8 ±2 J/m 2 , while, for the aggregates of rhombohedric grains, is in the average -0.9 
±0.1 J/m 2 . 

From a technological point of view this study can be used to optimise the thermal decomposition conditions of limestone rocks 
with a proper content of silica and alumina oxides. 
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Introduction 

In a previous paper [1], we developed a consecutive decomposition-sintering dilatometer method (CDSD) to study 
the effect of impurities on the lime microstructures formed during the decomposition of limestone in air. It had 
been proven that at temperatures from 700-1200°C, the grains of CaO-based limes can have different morphologies 
as a consequence of the thermodynamic and kinetic features of the calcium carbonate decomposition processes [2- 
4]. It is well known [5-7] that the partial pressure of the CO 2 escaping from the interfaces during CaO/CaCCb 
reactions has an effect on the microstructure of the obtained CaO grains. The impurities that transfer from the 
limestone rocks to the lime may contribute to this phenomenon with complex mechanisms [8-10]. To shed some 
light in this rather difficult field is a very important topic since the limestone impurities are a sort of kit that 
geological history has left in the limestone matrix [11] that might be used to obtain limes with optimal properties 
for saving energy problems and CO 2 , SO 2 /SO 3 capture [12-16]. 

In this paper, we investigate further these issues by developing a new method based on the immersion calorimetric 
technique [17]. This method had been applied by others authors [18, 19] to obtain information on the nature of the 
surface chemical and physical properties of colloidal particles dispersed in a selected liquid phase. In one of our 
recent papers [20], we studied the dispersions of silica and kaolin powders in liquid paraffin as a function of their 
solid volume fraction and we proved that the corresponding exothermic wetting heat and/or the specific wetting 
heat E, (J/m 2 ) can account for the network formed by the particle aggregates in the dispersing liquid. The 
application of these principles to the colloidal CaO-paraffin system allows to discuss the solid-liquid interfaces, 
only in term of van der Waals and steric forces, due to the absence of aromatic and/or of naphthenic groups in the 
paraffin chains [21]. On this ground the specific wetting heat that gives an indication of the dispersion stability [18], 
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very reasonably, is mainly dependent upon the accessibility of the paraffin molecules to the lime aggregate 
surfaces and/or to the lime grain boundaries. Accordingly any effect due to the impurities in changing the limes 
particles and/or the aggregate microstructure should be detected by the corresponding changes in their specific 
exothermic wetting heat. 

From a technological point of view this method, which is at the best of our knowledge a new approach, can be 
coupled with SEM, ED AX and chemical analysis to provide a rather complete framework to study the physical and 
chemical nature of lime particle surface as affected by the limestones impurities. 

Experimental 

Materials 

Limestone rocks from different sources with the chemical compositions reported in Tab. 1 are used throughout this 
paper to obtain the corresponding limes via thermal decomposition at temperatures between 980 and 1300°C in air. 

It can be observed that these limestones have a high calcium carbonate content that ranges between 99.4% and 
100% by weight, which corresponds to a CaO mol fraction % ranging between 98.3% and 100 %. For all limestones, 
MgO is the primary impurity despite never exceeding 1%. LMST1 has a silica and alumina content greater than the 
other limestones. 

High purity liquid paraffin obtained from Carlo Erba without the aromatic and naphtenic groups (0.88 g/cm 3 , 
boiling temperature of 68°C, ignition point of 135°C and viscosity of 20 mPas) were used as the liquid phase for the 
wetting experiments When solid particles, previously heat-treated in vacuum, are brought into contact with a pure 
wetting liquid the solid-liquid interactions can be 

Methods 

1) Powder Preparation 

Limestone pebbles 5-15 mm in diameter were decomposed at a constant temperature between 980-1 300°C in 
air for 2 h and 30 min. The complete decomposition was confirmed by weight loss. The obtained limes had an 
average size between 1-8 pm. For some of these samples, a chemical analysis of the impurities was performed. 

Reagent grade (r.g.) CaCCb powders were decomposed at 900°C for 30 mins and 1350°C for 4 hours to obtain 
small surface CaO samples for comparison. All of the CaO-based oxides were stored in sealed containers in a 
desiccator. All the samples were been decomposed in air. 

2) Calorimetric Measurements 

Calorimetry tests were performed to measure the heat of dispersion in liquid paraffin [17, 20, 22] of the CaO- 
based oxides. 

A Setaram C80 calorimeter described in a recent paper [20] and equipped with stainless steel wetting cells were 
used in these experiments. Two identical cells (measure and reference) were placed in the calorimetric block at a 
temperature of 30±0.01°C. Each cell consisted of a cylinder (2 cm in diameter and 10 cm in height) with a mobile 
piston inside. 

Approximately 200 mg of powdered lime was introduced for the calorimetric tests in liquid paraffin using a 
homemade glass ampoule. This ampoule resembled a cylindrical container 5 mm in diameter with a narrowing 
hook at one end to facilitate breaking. The open ampoule was filled with the sample and connected to a 
mechanical vacuum system before sealing with a butane flame. The final object, approximately 5-6 cm in 
height, was introduced in the calorimeter cell previously described [20]. 

The calorimeter cell was filled with 5 ml of the liquid phase. An empty glass reference ampoule and the 
ampoule containing the lime, both sealed under vacuum, were placed inside the reference and measurement 
cells, respectively. Approximately 12 h was necessary to reach thermal equilibrium. The piston was then 
manually lowered, the curved tip of the ampoule was broken, and the powders were wetted by the liquid 
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phase. The heat flow was recorded with a frequency of one every 3 seconds for a total of 12 h. The return of 
flow curve to the initial values suggests that the reaction was completed within this time. The use of an empty 
ampoule in the reference cell is necessary to remove the mechanical effects of breaking the glass and the liquid 
entering the glass container. All of the tests were repeated three times, and an experimental error of less than 
10% was obtained. 

3) Nitrogen Adsorption Measurements At 78K 

BET measurements [22] were performed using a symmetrical Sartorius microbalance described in detail 
previously [23]. Sample aliquots of approximately 100 mg were stored in a sealed container and placed in a 
platinum crucible inside the symmetrical thermobalance. The pressure was gradually lowered to a high vacuum 
level (10' 3 Pa) at room temperature, and after the weight stabilised, an adsorption nitrogen isotherm at 78K was 
collected across the valid range of the BET equation (0.05 < P/P° < 0.35). The experimental error of the surface 
area measurements was estimated to be approximately 3%. 

4) Mercury P or osimeter 

Mercury porosimetry of the samples was conducted using a Thermo Scientific porosimeter model Pascal 240 
equipped with a standard dilatometer for powders. 

5) SEMandEDAX 

SEM-EDAX analyses of a carbon-coated sample were conducted using a SEM equipped with an X-ray 
dispersive analyser (Philips, ED AX PV 9100). The operating conditions were 20 kV, accelerating voltage and 
2.20 nA beam current. The area of the ED AX analysis was of 4x4 pm. 

Background to the Wetting Heat of Immersion 

When solid particles, previously heat-treated in vacuum, are brought into contact with a pure wetting liquid the 
solid-liquid interactions can be quantitatively characterized in a simple and straightforward way with the 
measurement of the heat of immersion [18]. This exothermic heat of immersion accounts very reasonably for the 
formation of an adsorption layer several molecules thick on the surface of the particles. The kind of relationship 
between the particles wetting by the dispersing liquid molecules and the particle-particle adhesion play an 
important role in the formation of the solid-liquid interfaces and in the liberation of the exothermic heat of wetting. 
More exothermic is this effect more stable is the stability of the colloidal dispersion. The magnitude of the heat of 
wetting is a function of several variables. Among them the polarity of the dispersing liquid phase and the extent of 
hydrophobicity or hydrophilicity of the surfaces of the dispersed powders are very important. When these 
variables are set, the volume fraction 0 of the dispersed solid phase, the shape and the dimension of the particles, 
single grains and/or clustered or sintered agglomerates, are all parameters that can account for the difference in the 
measured wetting heat values. On this ground when different set of powders, with almost equal surface chemistry, 
are wetted by the same liquid phase, it is possible to have information on the different morphologies of the 
dispersed microstructure units [22], through the comparison of the corresponding immersion calorimeter data and 
with the add of SEM analysis on the dried powders [17]. 

Usually the wetting heat of any solid-liquid dispersion is given in J/g of dispersed solid, but if the use of the 
immersion calorimeter is coupled with the determination of the BET surfaces of the starting dried powders the 
same parameter can be read as J/m 2 . When one needs to compare the quality of products with equal average 
chemical composition but with different microstructure and surface properties, the definition of the exothermic 
heat of adsorption per square meter of dispersed particles is a more convenient definition [18]. To this parameter 
we gave the named of specific wetting heat and in this paper we'll refer to it with the symbol £,. 

Results and Discussion 

Table 1 lists the starting limestones (LMST) pebbles, the decomposition temperatures, Td, the corresponding lime 
powders obtained after 2.5 h of heating at constant temperature in air and their Sbet specific surface area. In the 
same table the data concerning the reagent grade of thermal decomposition of Calcite powders are reported. 
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TABLE 1. LIST OF STARTING LIMESTONES ROCKS DECOMPOSED AT DIFFERENT TEMPERATURE, IN AIR, FOR 2.5 H, TO OBTAIN DIFFERENT SET OF LIMES WITH 

Sbet SURFACE INDICATE IN COLUMN 4 


Starting LMST rock 
peabbles 

Decomposition temperature [°C] 

Obtained limes 

Limes Sbet 
(m 2 /g) 


980 

LM1 (980) 

2.8 


1060 

LM1(1060) 

1.9 

LMST1 

1140 

LM1(1140) 

1.2 


1200 

LM1(1200) 

1.0 


1300 

LM1(1300) 

0.7 


980 

LM2(980) 

4.7 

LMST2 

1200 

LM2(1200) 

1.2 


1300 

LM2(1300) 

1 


1140 

LM3(1140) 

1.3 

LMST3 

1200 

LM3(1200) 

1.1 


1300 

LM3(1300) 

1 


1060 

LM4(1060) 

3.7 

LMST4 

1200 

LM4(1200) 

2.7 


1300 

LM4(1300) 

1.3 


980 

LM5(980) 

0.9 

LMST5 

1060 

LM5(1060) 

0.8 

1140 

LM5(1140) 

0.6 


1200 

LM5(1200) 

0.6 


900 

CaO(900) r.g. 

11 


1350 

CaO(1350) r.g. 

6.3 


Fig. 1 Plots, as a matter of discussion, the decrease of the lime Sbet values vs. Td for the different limestone sources. 
Diamonds, squares, empty circles, solid circles and stars symbols are respectively referring to limes obtained from 
LMST1, LMST2, LMST3, LMST4, LMST5. 
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FIGURE 1. Sbet SPECIFIC SURFACE [M 2 /G] OF DIFFERENT LIMES, LM, OBTAINED FROM THE CALCINATION OF THE 
CORRESPONDING LIMESTONES, LMST, AT DIFFERENT DECOMPOSITION TEMPERATURE, TD, IN AIR. 

In agreement with the catalytic effect of the escaping CO 2 on the sintering process of the CaO grains [5, 7], it can be 
observed that the surface area of the CaO obtained from the decomposition of CaC03 powders is always greater 
than the ones obtained from the decomposition of limestone pebbles, see Tab. 1. In fact CO 2 molecules which 
escape from the pebbles have to overcome more barriers than those emitted from a powder bed [3]. However, Fig. 
1 clearly shows that, when the parent limestones are shaped in equal pebbles, the phenomenological law of the 
corresponding Sbet vs. Td curve is quite different. This result evidently accounts for the different internal texture of 
the limestones rocks [1] and their different impurity content. 

To split the role of the internal rock texture from that of the impurities, explaining the experimental data Sbet vs Td 
(see Fig.l) of the corresponding limes, is a difficult, if not impossible task. However it is useful to compare the 
chemical analysis of the different limestones to gain some information. Tab. 2 allows to make such a comparison. It 
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is evident that only the LMST1 mineral rocks are characterized by a wt% of AI2O3 and SiCh definitely larger than 
the one present in all the others LMST samples. 


TABLE 2. MAIN CHEMICAL COMPONENTS OF LMST ROCKS EXPRESS IN WEIGHT PERCENTAGE [%]. 



LMST1 

LMST2 

LMST3 

LMST4 

LMST5 

CaO 

55.15 

55.5 

55.56 

55.38 

55.66 

MgO 

0.41 

0.32 

0.2 

0.37 

0.15 

Si02 

0.24 

0.05 

0.1 

0.06 

0.05 

AI 2 O 3 

0.12 

0.01 

0.03 

0.01 

0.01 

SrO 

0.034 

0.025 

0.0256 

0.0304 

0.124 

S 

0.008 

0.004 

0.009 

0.03 

0.005 

Fe203 

0.086 

0.020 

0.022 

0.030 

0.030 

Na 2 0 

0.0083 

0.0095 

0.0031 

0.0146 

0.0021 

MnO 

0.0125 

0.0081 

0.0032 

0.0014 

0.0216 

P 2 O 5 

0.0007 

0.0084 

0.0022 

0.0029 

0.06 

K 2 O 

0.0211 

0.0019 

0.0032 

0.0033 

0.002 

Ti0 2 

0.0043 

0.0059 

0.0017 

0.0017 

0.0039 

Corg 

0.03 

0.03 

0.11 

0.17 

0.078 

BaO 

0.00052 

0.00015 

0.00029 

0.00015 

0.0029 

V 

0.00006 

0.00007 

0.00014 

0.00011 

0.00003 

Zn 

0.00012 

0.0002 

0.00029 

0.00088 

0.00028 


In the literature it has been reported [24-26] that the addition of AI 2 O 3 and SiCh oxides are useful to produces lime 
particles with an improved wear resistance in the plant [27] and perhaps to reduce the tendency of the lime 
particles to decrease their Sbet surface and porosity at high temperature and in presence of CO 2 . Those data cannot 
be extrapolated to infer that a similar role is played by the impurities of the mineral rocks in controlling the lime 
microstructure evolution during the thermal decomposition. In fact the impurity contents in the limestone matrix 
are very low in the average, but at the calcite grain boundaries their local concentration can be very high, and they 
can form small island and intrusion of minerals different from the host calcite [1]. Nevertheless the high wt% 
content of AI 2 O 3 and SiCh in the LMST1 and LM1 samples , on account of the effect that these oxides have on the 
lime particle properties, are a signal that the LM1 particles might have chemical and physical properties different 
from those of other limes. 


When the 20% of solid volume fraction of the lime powders, are dispersed in liquid paraffin, a colloidal system 
characterised by a percolate network, is formed [28, 29]. The percolate network is a dynamic structure due to bonds 
between microstructure units [19, 29, 30]. Since the paraffin molecules do not contain aromatic and naphthenic 
groups, only two forces are present: the attractive van der Waals forces and the steric repulsive forces at the solid- 
liquid interfaces formed between CaO surfaces and paraffin molecules. The formation of such interfaces implies an 
exothermic wetting heat, whose magnitude indicates the stability of the colloidal system [17]. 
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FIGURE 2. SPECIFIC WETTING HEAT, E [J/M 2 ], OF DIFFERENT LM POWDERS IN LIQUID PARAFFIN AT THE TEMPERATURE OF 30°C, 
VS. THEIR Sbet [M 2 /G] SURFACES. FOR THE LIMES DESCRIBED IN THE TEXT ON THE GROUND OF SEM, ED AX AND HG 
POROSIMETER EXPERIMENTS, THE TEMPERATURE AT WHICH THEY HAVE BEEN OBTAINED, IS REPORTED NEAR TO THE SYMBOL. 
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Fig. 2 illustrates how the specific wetting heat, changes with the Sbet of limes obtained from thermal 
decomposition in air of different limestone rocks at different temperatures. The specific wetting heat of CaO oxides 
obtained from the decomposition of reagent grade calcite powders, are also reported for sake of comparison (solid 
black circles). 

It is remarkable to observe that all the limes obtained from LMST2, LMST3, LMST3, LMST5 are characterized by an 
average 4 value equal to -0.9±0.1 J/m 2 , independent from their BET specific surface area values. But, surprisingly, 
only the limes derived from LMST1 show a dependence of 4 from their Sbet surface. For this family, when Sbet is 
equal to 0.7±0.2 m 2 /g the corresponding E, value is equal to -8±2 J/m 2 ; when Sbet is 2.8±0.3 m 2 /g £, approaches the 
value of -0.7±0.1 J/m 2 , very close to the one of the other sets of oxides. 

All these values show that the interactions between the paraffin molecules and the CaO surfaces are weak [31], and 
strongly suggest that the dispersed microstructure units of the limes have a morphology quite similar to that 
observed in a detailed analysis of the dried powders [20]. 

The morphological results that will be illustrated and discussed in the following concerning two kind of limes from 
LMST2 and LMST5, have been confirmed also for all the oxides derived from LMST3, LMST4 and for the CaO from 
reagent grade of calcite powders. 

Fig. 3 (a and b) shows typical SEM images, at the magnifications of 3000x (a) and lOOOOx (b), for the dried particles 
of LM2(980) limes, obtained from LMST2 at the temperature of 980°C. Fig. 4 (a and b) gives the same information 
for the limes LM5(1060) obtained from LMST5, at the temperature of 1060°C. 



FIGURE 3. TYPICAL SEM IMAGES, AT THE MAGNIFICATION OF 3000x (PANEL A) AND AT lOOOOx (PANEL B) OF LM2(980). 
INDIVIDUAL NON POROUS GRAINS HAVE MAINLY POLYHEDRAL SHAPE WITH AVERAGE DIMENSION OF ABOUT 0.4 MM. Sbet 

SURFACE AREA IS EQUAL TO 4.5 ±0.3 M 2 /G 

In both images one can be observed the presence of aggregates among individual grains with a polyhedral shape 
and average size of 0.4 pm (Fig. 3b) and of 3 pm (Fig. 4b), respectively. By assuming spherical shape, the specific 
surface area that can be derived from these sizes, reads: 

S g = 3 / (p r) (1) 

where p is the powders density (g/cm 3 ) and r is the particles radius (pm). 



FIGURE 4. TYPICAL SEM IMAGES, AT THE MAGNIFICATION OF 3000x (PANEL A) AND AT lOOOOx (PANEL B) OF LM5(1060). THE 
INDIVIDUAL GRAINS ARE NOT POROUS, THE SHAPE IS IRREGULAR AND THE Sbet SURFACE IS EQUAL TO 0.6 ± 0.1 M 2 /G. 
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Application of equation (1) to the data of Fig. 3 and 4 yields S g values of 4.5 m 2 /g for the sample LM2(980) and 0.6 
m 2 /g for the sample LM5(1060), respectively. These values are very close to those obtained from the N 2 -adsorption 
data at 78 K, which lead to BET surface areas of 4.7 and of 0.8 m 2 /g, respectively. 

Thus, we can conclude that the lime individual grains are not porous, but the aggregates do. As a first 
approximation, pore aggregates can be assumed to have almost the same average size dimension as the individual 
grains [32, 33]. 

Since the paraffin molecules have an average size of 0.3 nm, they can penetrate inside the internal surfaces of both 
LM5(1060) and LM2(980) samples. More paraffin molecules can be accomodated in the sample of greater specific 
surface (LM2(980)), but if the surface "quality" of LM2(980) and LM5(1060) is such to give same interactions with 
the paraffin molecules, the specific wetting heat of both specimens is expected to be equal. The data reported in 
Fig. 2, confirmed this interpretation. 

It is also interesting to observe the morphological shape of all lime aggregates. Closer observation of these data 
suggests that these shape are similar, despite the fact that they have different values of Sbet surface. This feature is 
also typical of the CaO aggregates obtained from R.G. CaCCE powders at 900°C and 1350°C, which are due to the 
catalytic action of the CO 2 , escaping from the reacting CaCCb/CaO interfaces [34]. 

On this ground it can be inferred that although the LMST2, LMST3, LMST4, LMST5 are characterized by the 
presence of mineralogical impurities, these chemical compounds do not affect the formation of the shape of the 
corresponding lime aggregates. 

All these evidences do not hold for the limes derived from LMST1 because, as Fig. 2 is clearly showing, their E, 
value depend on the corresponding Sbet. 

In seeking an explanation for this behaviour, let us compare morphological, ED AX and Hg porosimeter data 
concerning the limes LM1(980) and LM1(1300) obtained from the same source as LMST1 at the temperatures of 
respectively 980°C and 1300°C. 

Fig. 5 (panel a and b) shows a comparison between pore volume and pore size distribution of sample LM1(980) 
and LM1(1300). It can be observed that total pore volume of sample LM1(980) is 0.55 cm 3 /g, higher than that of the 
LM1(1300) limes, which amounts to 0.15 cm 3 /g. The pore size distribution of the LM1(980) sample is in the range 
between 0.1 and 0.6 pm, while the one of the limes LM1(1300) ranges between 0.3 and 3 pm. All these data, 
including the comparison of Sbet value for the sample LM1(1300) (0.7 m 2 /g) and LM1(980) (2.8 m 2 /g), can be 
explained on the ground that the sample LM1(980) has been obtained at 980°C, while the LM1(1300) limes was 
produced at 1300°C. 
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FIGURE 5. HG INTRUSION CURVES FOR AGGREGATES OF LM1(980) GRAINS, PANEL A, AND FOR LM1(1300) GRAINS, PANEL B. THE 
TOTAL POROSITY DECREASE FROM 0.55 CM 3 /G (980) TO 0.15 CM 3 /G (1300). THE PORES RADII FOR THE INTRUSION OF THE HG IN 
THE AGGREGATES RANGE FROM 0.1 AND 0.6 MM IN LM1(980) AND FROM 0.3 AND 3 MM IN LM1(1300). 

Fig. 6 (a and b) and Fig. 7 (a and b) illustrate typical SEM images for LM1(980) (see Fig. 6), and LM1(1300) (see Fig. 
7) particles and agglomerates. As observed, the morphology of the LM1(980) sample is similar to the ones of the 
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limes obtained from LMST2 , LMST3 , LMST4 , LMST5. Coprrespondingly this lime has a specific wetting heat, 
equal to -0. 7+0.1 J/m 2 , which is included in the average value of -0.9±0.1 J/m 2 of limes with independent from their 
surface area. But the morphologies of the LM1(1300) sample (see Fig. 7) are quite different and are characterized by 
a complex set of individual grains, some having polyhedral shape with average size dimension of 0.5 pm, others 
being flat and large particles with 10 x 10 xl pm size. 



000052 20K V x3! 00K* * 8 ! 0um H 000051 20KV x i 0 ! 0K ‘ 2 40um 


FIGURE 6. TYPICAL SEM IMAGES, AT THE MAGNIFICATION OF 3000x (PANEL A) AND AT lOOOOx (PANEL B) OF LM1 OBTAINED 
FROM LMST1 AT 980°C. AGGREGATES OF INDIVIDUAL GRAINS OF ABOUT 1 MM ARE PRESENT AS THE ONES OBSERVED FOR LM2 

(980). Sbet SURFACE AREA IS EQUAL TO 2.8 ±0.3 M 2 /G. 



FIGURE 7. TYPICAL SEM IMAGES, AT THE MAGNIFICATION OF 3000x (PANEL A) AND AT lOOOOx (PANEL B) OF LM1 OBTAINED 
FROM LMST1 AT 1300°C. LARGE AND FLAT INDIVIDUAL GRAINS WITH AVERAGE DIMENSION OF 10 MM X 1 MM ARE 
CHARACTERIZING THE SAME LM1 SAMPLE BECAUSE THE TEMPERATURE OF DECOMPOSITION OF THE LMST1 ROCKS HAS BEEN 

RAISED FROM 980°C (SEE FIG.6) TO 1300°C. SBET SURFACE ARE IS 0.7 M 2 /G. 

These morphological changes, cannot be due only to the effects of the LMST1 decomposition temperature. Indeed, 
when lime grains evolve from a round and/or polyhedrical shape to a flat one, others high temperature processes 
must occur [1], beside the ones due to the gas-solid reaction associated with the escaping CO 2 [7, 35]. 

Fig. 8 (a and b) shows the ED AX spectrum of two statistical meaningful powders of limes LM1(980) and LM1(1300) 
taken at room temperature on oxides that have been produced from the same LMST1 rocks at the temperature of 
980°C, LM1(980), and at 1300°C, LM1(1300). The comparison between the two spectra has been done by setting 
equal the peaks of the Ca K reflection. Within the experimental limits of this kind of analysis [36], when the 
decomposition temperature of LMST1 is raised from 980°C to 1300°C the peaks concerning the Na element 
disappear, while the zone between the Mg and Fe elements seems somewhat to reduce its height. It is interesting to 
observe that the reflections due to the A1 and Si elements appear more enhanced at 1300°C than at 980°C. 

Given the presence of AI2O3 and SiCh impurities in the starting LMST1 rocks (see Tab. 2 ), it is possible that a small 
amount of aluminates-silicates compound be present in the matrix of the LMST1 rocks because of its geological 
history. 

The phase diagram CaO-AhCb-SiCh [37] evidences that a liquid eutectic phase exists at the temperature of 1347°C 
with a composition of 55% in CaO, 45% in AI2O3 and 10% in SiCh. This composition might be present as impurities 
locally in the LMST1 matrix due to its geological history. If so, when the decomposition temperature, become 
1300°C , the mobility of the atoms in such a phase should be so high as to produce a viscous liquid phase that 
might change the shape of most CaO grains. At the temperature of 980°C no changes in the shape of the CaO 
grains as well as in the surface chemical nature are possible, because the formation of the viscous calcium- 


14 





Advances in Ceramic Science and Engineering (ACSE) Volume 4, 2015 


www.acse-journal.org 


aluminates-silicates phase is not feasible from a thermodynamic point of view [37]. 



FIG. 8. ED AX SPECTRUM FOR LM1 POWDERS OBTAINED FROM THE DECOMPOSITION OF LMST1 AT 980°C (PANEL A) AND 1300 °C 
(PANEL B). THE WINDOWS ARE AN ENLARGEMENT PORTION OF THE SPECTRUM. AS THE LMST1 DECOMPOSITION 
TEMPERATURE IS RAISED, THE CORRESPONDING LIME, PANEL B, DOES NOT SHOWS THE PEAK FOR THE NA, WHILE THE 

REFLECTIONS FOR AL AND SI APPEAR MORE DEFINED. 

As a consequence the limes from LMST2, LMST3, LMST4, LMST5 are not characterized by grain agglomerates with 
flat morphologies because the amount of AI2O3 and SiCh in the starting rocks is almost negligible in comparison 
with the ones of the LMST1. 

Since the paraffin molecules interact with the lime surfaces only under the action of the van der Waals and steric 
forces, and since the paraffin does not contain aromatic and naphthenic groups, any change in the chemical nature 
of the lime surface introducing acid-basic attractions [31] is not felt by the paraffin molecules. Thus, for each lime, 
the value of it is a thermodynamic parameter that is only linked to the morphology of the particle aggregates, 
which in turn are dependent upon the limestone impurity content and upon their thermal decomposition 
conditions. 

Conclusions 

In this paper, we have focused on a new application of the immersion calorimeter method, to find an average 
macroscopic parameter, the specific wetting heat, 4/ that can be related with the shape of the lime microstructure 
units dispersed in liquid paraffin. 

These morphologies are dependent upon the thermal decomposition conditions under which the limes have been 
produced and upon the nature of the impurities in the starting rocks. 

The impurities influencing the shape of individual and agglomerated lime particles, according to this study are 
represented by SiCh and AI2O3. 

At the temperature of 1300°C these impurities present a high mobility of Ca, Si, and A1 atoms due to the possible 
pre-existing and/or formation of calcium- aluminates-silicates compounds which form a viscous liquid-like phase. 
Due to the presence of this viscous phase, the shape of the oxides grains can dramatically change. From 
rhombohedra and/or spherical CaO grains ranging between 0.4 and 3 pm, the particle shape is changing into flat 
and large crystallites oflOxlOxl pm. 

The average macroscopic thermodynamic parameter i.e. the specific wetting heat [J/m 2 ] determined through the 
immersion calorimetric technique, is able to give information on the limes particle morphologies, provided that the 
scout molecules interacting with the CaO surfaces, are bonded by van der Waals and steric forces, like in the case 
of liquid paraffin. 

From a technological point of view these results can be used to optimise the thermal decomposition conditions of 
limestone rocks to obtain limes with proper surface and microstructure qualities, starting from limestone rocks 
sources with selected content of impurities. 
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